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Modiolus auriculatusAbstract A study on the ecology of the mussel Modiolus auriculatus that inhabits the inter-tidal
rocky substrate of Hurghada area at the Red Sea coast of Egypt was carried out. A coastal survey
had taken place during the period from February 2011 to January 2012; it covered the area between
Ras Gharib (150 km. North Hurghada City), of lat. 28 210 430 0 and long. 33 050 470, and South El-
Quseir of lat. 26 050 530 0 and long. 34 170 500 0. Eighteen sites were studied, and the surveyed species,
M. auriculatus, was recorded in ﬁve stations out of those 18. The results of the survey also showed
that the total number of individuals recorded at the station was 12,533 in ﬁve sites (Marine Biology
station (NIOF), South El-Quseir, El-Quseir Harbor, North El-Quseir and Mangrove South Safaga);
of which 12,133 of them were alive and 400 were dead. The examination of the ﬁeld data sheets
revealed that M. auriculatus was recorded at different types of habitats during the survey, and that
each of these habitats had unique characters.
ª 2014 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Eared horse mussel, Modiolus auriculatus is considered one of
the bivalves in the inter-tidal areas of the Egyptian Red Sea
habitat. It is attached by byssus to rocks, stones and coral
debris (Oliver, 1992). The species is able to adapt over a largerange of environmental parameters. M. auriculatus is distrib-
uted world widely. It was recorded in the Western Indian
Ocean and the Red Sea. It was also recorded in Palestine
according to Safriel et al. (1980). It can be used as a biological
indicator to monitor chemical contaminants in a tropical
marine ecosystem (Bourdelin, 1996). M. auriculatus is also
large in size (maximum length is more than 6.0 cm); it is more
common in the Red Sea where it tolerates high sedimentation
and can be anchored within loose substrate (Safriel et al.,
1980). The present study focuses on the distribution of
M. auriculatus over the inter-tidal zone, coastal fringing reefs,
offshore reefs, and lagoons along the Red Sea coast of Egypt.
470 F.A. Abdel Razek et al.Material and method
A coastal survey was carried out during the period from Feb-
ruary 2011 to January 2012, it covered the area between Ras
Gharib (150 km. North Hurghada City), of lat. 28 210 4300
and long. 33 050 4700 and South El-Quseir of lat. 26 050 5300
and long. 34 170 5000. Eighteen sites were surveyed as in Fig. 1.
SCUBA diving and a ﬁxed quadrate area (25 · 25 cm) were
used to examine the species’ abundance and the number of live
individuals present. The location of bivalve colonies was
determined using the geographical positioning system (GPS).rocky sandy with 
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Figure 1 Occurrence of M. auriculatus in different types of
habitats of the studied area.
Map 1 Shows the sampling site during the present survey for M.Results
Abundance and distribution in relation to habitat type
The present survey covered more than 280 km of the Egyptian
Red Sea Coast. The number of individuals recorded was
12,533, out of those only 400 individuals were dead shells that
were distributed in ﬁve sites (Marine Biology Station (NIOF),
South El-Quseir, El-Quseir Harbor, North El-Quseir and
Mangrove South Safaga) Map 1.
The association between the present species and the
different types of habitats is presented in Fig. 1. The records
demonstrate that the highest percentage of individuals
recorded in the rocky habitat was 51%; the lowest percentage
recorded within rocky sandy with algae, and rocky parts of the
substrate was about 4.5% of the recorded population.
Data in Fig. 2 present the percentage occurrence of empty
shells and live individuals of M. auriculatus in relation to the
types of habitats. The results indicated that rocky sandy
substrate with algae had a higher percentage of empty shells
(18.7%) in comparison with the rocky habitat (0.4%).
Both rocky and rocky sandy substrates with sea grass have
the lowest percentage of empty shells.
Seasonal occurrence of M. auriculatus in the studied sites
The distribution of the M. auriculatus species along the Red
Sea coast is presented in Fig. 3. The ﬁgure indicates that
M. auriculatus was found in considerable number in the
northern and southern parts of the studied area. The resultsauriculatus along the locations of the Egyptian Red Sea, coast.
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Figure 2 Percentage of occurrence of empty shells and living
individuals of M. auriculatus in the different types of habitats.
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M. auriculatus that were found all over the examined area. The
density was calculated as the number of individuals per square
meter as presented in Fig. 3.
The results indicated that higher densities of M. auriculatus
were observed in the site of El-Quseir Harbor during winter
and spring. This was found to be according to the characteris-
tics of the bottom, which consist of small granules mixed with
sand, as well as more dense vegetation of macro algae and sea
grass. On the other hand, sites with ﬂat rocky substrates, sand
depressions, and moderate vegetation of algae, contained a low
seasonal density of live individuals of M. auriculatus, and high
number of its empty shells. The density of M. auriculatus
ranged in number from 8 to 151 individuals/m2 with an
average of 51 ± 6 individuals/m2 at El-Fanadier South Quseir.
Meanwhile there were 8–170 individuals/m2 with average
66.5 ± 6.7 individuals/m2 in North Quseir site. In the
mangrove habitat of South Safaga, about 0–65 individuals/
m2 with an average of 23.3 ± 2.5 individuals/m2 were found.
In El-Quseir harbor from 20 to 290 individuals/m2 with an
average of 162 ± 76 individuals/m2 were found. At the marine
biology station (NIOF) from 0 to 30 individuals/m2 with an
average of 14.2 ± 1.5 individuals/m2 were recorded.
Occurrence of M. auriculatus in relation to the Benthic Fauna
and ﬂora
The examination of the ﬁeld data sheets revealed thatM. auric-
ulatus was recorded from different types of habitats during the
survey, and that each of these habitats has unique characters.0
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Figure 3 Seasonal density distribution of M. auriculatuAt the marine biological station area (NIOF) the substrate
is basically a ﬂat rocky habitat with a few sandy depressions.
This type of habitat covers both intertidal zones and sub tidal
zones. It is occupied with moderate vegetation of macro algae
(green algae, red algae and brown seaweed), sea grass bed, few
dead and live small coral patches, small patches of soft coral,
as well as benthic organisms such as some gastropods, sea
cucumber, brittle stars, small tube worms and some crusta-
ceans. M. auriculatus was also found in inter-tidal zone where
the density is low in comparison with other stations. There
were no signiﬁcant differences between the densities of M.
auriculatus in each of the seasons. High number of empty shells
due to the presence of a large number of predator brittle stars
and crabs were found.
The Mangrove south of Safaga, site (2), is distinguished by
mangrove trees (Avicennia marina) and tidal zones that reach
to about 100 m, and is occupied by sand mud and small rocks
followed by typical ﬂat rocky habitats with a few sandy depres-
sions. It contains a small reef lagoon followed by the reef crest
that includes many species of corals with moderate coverage.
This type of habitat is occupied with moderate vegetation of
macro algae (green algae, red algae and brown seaweed), few
dead and live small coral colony, soft coral as well as benthic
organisms such as some gastropods and sea cucumbers; it also
contains high abundance of brittle stars and an absence of sea
grass. The tidal zone is made up of deep water which begins at
5 m. M. auriculatus is found in the inter-tidal zones with low
density. There were no signiﬁcant differences between the den-
sities of M. auriculatus in different seasons. High numbers of
empty shells were found due to the presence of a large number
of predator brittle stars and crabs. M. auriculatus was found
attached to hard substrate beds of algae and impeded in the
soft substrate.
The North Quseir area site (3) contains the bottom
substrate which consists of small gravels mixed with sand,
and it extends about 70 m. This area includes somewhat dense
vegetation of macro algae and sea grasses. The bottom is
similarly made up with a very few scattered coral patches.
The reef crest has high density of coral coverage leading to
the reef slope, which is characterized by high coral diversity
and coverage of abundant red algae. Most of the touristic snor-
keling takes place at different faunal groups. M. auriculatus
that are restricted to this area appear as macro algae, crabs,
brittle stars, small tube worms, and bivalve such as clam, and
oysters. The occurrence of high number of empty shells of  El-Quseir El-Quseir
harbour
El Fanadier
South El-Quseir
ed sites
Summer Autum
s at different studied sites, along the Red Sea coast.
472 F.A. Abdel Razek et al.M. auriculatus is due to the presence of large number of preda-
tors of brittle stars and crabs. M. auriculatus found in intertidal
zone, was denser and more abundant. There were no signiﬁcant
differences between the densities of M. auriculatus in various
seasons.
Site (4) is in El-Quseir harbor which is the oldest harbor
along the Egyptian Red Sea coast. Fauna and ﬂora associated
with the M. auriculatus community there are macro algae
(green algae, red algae and brown seaweed) crabs, brittle stars,
small tube worms, and bivalve such as brachidontes, clam, and
oysters. A low number of empty shells were found due to the
presence of very few predators like brittle stars and crabs.
M. auriculatus occurs in small patches or forms sub littoral
hard bottom habitats where it attaches itself to the hard sub-
strate by the byssus threads. In addition, M. auriculatus that
is found in intertidal zones is highly dense and abundant in
comparison with other stations.
Site (5) is in the South of El-Quseir which has the largest
sub-tidal area among all the studied stations. This large area
contains many algal growth (green algae, red algae and brown
seaweed), crabs, brittle stars, small tube worms, and bivalves
such as brachidontes, clam, and oysters. At the end of the
rock-ﬂat area from the seaside, a well-grown coral reef appears
as reef crest. M. auriculatus found in intertidal zone is moder-
ate in density and abundance compared to other stations.
Discussion
The current survey covers more than 280 km of the proper
coast of the Egyptian Red Sea. The surveyed species M. auric-
ulatus was recorded in 5 sites out of the studied 18 ones. The
investigated area covered the entire Red Sea Coast. The results
of the survey showed that the total number of individuals
recorded was 12,533, they were distributed among ﬁve sites
(Marine Biology Station near (NIOF), South El-Quseir, El-
Quseir Harbor, North El-Quseir and Mangrove South Saf-
aga); 12,133 of them were alive and 400 were dead.
Despite the presence of the current species in different
habitat types, the highest percentage of animals was found in
habitats that are rocky (51%), meanwhile the lowest percent-
age of animals was found in areas that contain rocky sand with
algae (4.5%). Safriel et al (1980), Oliver (1992) reported that
the distribution ofM. auriculatus and its association with other
bivalves are probably determined by the nature of the sub-
strate. Taylor (1968) reported thatM. auriculatus lives in small
holes on rocky shores, but mainly at the seaward edge of mar-
ine grass beds and at the landward edge of algal ridges. These
results were similarly observed in the present study through the
habitat preference and its seasonal density distribution.
The results showed the presence of the current species in
different habitat types; the highest percentage of empty shellwas found in habitats that are comprised of rocky sand with
algae and rocky muddy algae. The previous results come in
agreement with the ﬁndings of Safriel et al. (1980), this proves
that sedimentation is a decisive factor that affects the distribu-
tion of M. auriculatus.
Seed (1976) reported that the mortality pattern of adult
mussels depends on site-speciﬁc environmental factors, such
as storms, salinity, temperature, and types of predators.
The distribution of M. auriculatus along the Egyptian Red
Sea coast revealed that it is found in considerable number in
the northern (4.5%) and southern part (95.5%) of the studied
area. However, the area along the coast in-between them has a
very few individuals. Safriel et al. (1980) stated that the
abundance of M. auriculatus is higher in the shallow sub-tidal
area. According to their larvae behavior, M. auriculatus was
absent which is probably due to the lack of a suitable
habitat.
In the present study in El-Quseir Harbor site, higher densi-
ties of M. auriculatus were observed in winter and spring sea-
sons due to the characteristics of the bottom, which consists of
small granules mixed with sand as well as more dense vegeta-
tion of macro algae and sea grass. On the other hand, sites
with ﬂat rocky substrates and sand depressions (marine biol-
ogy station NIOF) showed moderate vegetation of algae.
The seasonal density of M. auriculatus, however, was low with
high number of empty shells. The previous results come in
agreement with the ﬁndings of Seed and Suchanek (1992)
who stated that M. auriculatus are dominant space occupiers
on rocky shores.
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